Background: This study is one part of a five-year tobacco-control project in China, which aimed to gain insight into the smoking behavior, knowledge, and attitudes among medical teachers in China. Methods: In May 2010, a cross-sectional survey was conducted among medical teachers of Xiangya Medical School, Central South University, China. Results: A total number of 682 medical teachers completed the surveys. Latent class analysis indicated the sample of smoking patterns was best represented by three latent subgroups of smoking consumption severity levels. Most respondents were informed of smoking related knowledge, but lack of knowledge on smoking cessation. Most of them held a supportive attitude towards their responsibilities among tobacco control, as well as the social significance of smoking. However, both smoking related knowledge and attitude were not correlated with severity of smoking consumption among medical teachers. Conclusion: The smoking prevalence among medical teachers in China remains high. Programs on smoking cessation training are required. Future study should also develop targeted interventions for subgroups of smokers based on smoking consumption. Persistent and effective anti-tobacco efforts are needed to achieve the goals of creating smoke-free campuses and hospitals.
Introduction
Tobacco use continues to be the leading global cause of preventable death, while six million people die of tobacco related diseases yearly [1] , of whom one million are Chinese [2] . The Chinese government has made many efforts to fight tobacco use in order to curb the burgeoning epidemic, but the smoking prevalence in China is still very high especially among male adolescents and adults. The data from the former Chinese Ministry of Health showed that the smoking prevalence among Chinese population aged 15 years old and above was 28.1%, specifically, 52.9% among male adults [3] .
The important role of health care providers (HCPs) in tobacco control has been well documented, including role modeling of health behaviors, as well as providers and educators of information related to tobacco cessation [4, 5] . In some developed countries, such as Canada, the USA, Sweden, Australia, and the UK, the smoking among HCPs is not a major problem as the prevalence is very low [6] . Meanwhile, considerably high smoking prevalence among Chinese physicians was found, with 56.8% of male doctors [7] using tobacco, which makes smoking in itself a critical issue. Based on the knowledge, attitudes and practice (KAP) model, previous studies suggested that the insufficiency of tobacco-related knowledge and the inadequacy of attitudes regarding smoking cessation might be the key reasons for the high smoking prevalence among HCPs, and pose barriers in tobacco control [8, 9] . Thus, education on tobacco control needs to be increased among HCPs. Also medical schools should have tobacco related education as part of the curriculum for medical students-the future HCPs-to protect them from smoking habits in advance [10, 11] .
Teachers in medical schools often wear two hats as HCPs for patients and teachers for medical students. This should be emphasized by their responsibilities in tobacco control and their own smoking status, but we only found two studies which focus on medical teachers in China [12, 13] and one in Iran [14] . Specifically, 49.5% of Chinese male medical teachers had smoked more than 100 cigarettes in their lifetime [12] , compared with 27.2% of those in Iran [14] . It is imperative to fill the gap in the existing literature, in order to understand the smoking behavior, knowledge and attitudes among medical teachers, and plan for more effective strategies and interventions to curb the smoking issue in China.
The China Medical Tobacco Control is a five-year project supported by the China Medical Board, which has been conducted within leading medical universities across China since 2010 [15] . It has aimed to assess the smoking condition among medical school and hospitals, and create smoke-free campuses and hospitals by designing a strong, efficient smoking controlling system. The baseline findings specific to medical teachers among Central South University are presented here.
Methods

Setting and Sample
Xianya Medical School of Central South University, located in Changsha city, Hunan province, is one of the leading medical schools in China. It consists of six colleges (medical school, nursing school, public health school, stomatology, pharmaceutical sciences school, and life sciences school) and five affiliated hospitals. In May 2010, a cross-sectional survey was conducted among medical teachers in the six colleges and one of the affiliated hospitals. Questionnaires were distributed and then collected in a one-week period. The research protocols were reviewed and approved by the Institutional Review Board of Central South University, and participants gave written informed consent.
Instruments
Demographic Characteristics
Socio-demographic characteristics included gender (male, female), age (in number of years), ethnicity (Han, minority), educational level (Bachelor, Master, PhD), and married status (single, married, divorced or widowed).
Smoking Behaviors
Smoking behaviors were measured by the questionnaire of China Medical Tobacco Control Baseline Survey [13, 16] . Smoking behaviors include questions on smoking status, initial stage of smoking, smoking setting and quitting, ideation and attempt.
Smoking status. Smoking status was measured through four questions: "Have you ever smoked a cigarette, even just taken a puff?" "How many cigarettes have you smoked in your lifetime?" "How many days have you smoked in the last 30 days?" and "How many cigarettes have you smoked on average per day in the last 30 days?" The self-reported smoking statuses were categorized as: (1) ever smoker: an individual who has ever smoked a cigarette, even just taken a puff; (2) current smoker: an individual who has smoked at least one cigarette in the last 30 days [17, 18] . We defined "never smokers" as people who have never smoked, while ever smokers were also defined as "smokers".
Initial age of smoking. Smokers were asked about their initial age of smoking their first cigarette. Smoking setting. Current smokers were asked whether they had smoked on campus or in the hospital in the last 30 days.
Smoking cessation. Current smokers were asked about their smoking cessation ideation ("Do you want to quit smoking?") and attempt ("Have you made quitting attempts in the last 12 months?").
Attitude towards Tobacco
Attitude toward tobacco was measured with eight items by the questionnaire of the China Medical Tobacco Control Baseline Survey [13, 16] . There were five items about whether people could benefit from smoking. Respondents indicated on a three-point Likert type scale, where "0" represented agreement, "1" no opinion, and "2" disagreement. The other three items were about the attitudes toward medical teachers' responsibilities among smoking control. Response "Agree" scored two, "Disagree" scored zero. Scores of all items could range from 0 to 16. Lower scores indicate a more favorable attitude toward tobacco use.
Russell's Reasons for Smoking Questionnaire (RRSQ)
The adapted version of RRSQ instrument [19, 20] was used to identify smoking motive factors of current smokers, which consists of 24 items on a four-point scale (0 = not at all, 3 = frequently). It includes seven factors (psychological image, hand-mouth activity, indulgent, sedative, stimulant, addictive, and automatic), and each of them consists of three items. Dependence score was calculated by the sum of scores on addictive, automatic, and three other items ("I get a definite craving to smoke when I have to stop for a while"; "I find it difficult to go as long as an hour without smoking", "I would find it difficult to go without smoking for as long as a week"). A dependence score >6 indicates that one may be addicted to tobacco using, and a score >20 indicates that one may be heavily addicted. The overall score could range from 0 to 72. The Cronbach's α was 0.95.
Knowledge towards Tobacco
Smoking related knowledge was measured by the knowledge section of KAP (knowledge, attitude, and practices) Survey for HCPs (Cronbach's α = 0.84) [9] . This instrument included 30 items about smoking related health hazard (general effects and disease-specific consequence), physiological effects, and tobacco addiction. Each item had three answer options "True", "False" or "Unknown". Correct response was scored as one, while wrong or "Unknown" response was scored as zero. The scores for all questions were added together, and the total score of smoking-related knowledge could range from 0 to 30.
Statistical Analysis
SPSS (version 17.0) was utilized to calculate proportions, ranges (minimum and maximum), means and standard deviations, as well as median and interquartile rang (IQR) of descriptive variables. Chi-squared tests, Mann-Whitney U tests and Kruskal-Wallis H tests were used for comparison among different groups. Spearman correlation analysis was used to evaluate the relationship between scores of RRSQ and the average number of cigarette and days smoked in the past 30 days of current smokers.
Latent class analysis (LCA) was used to identify homogeneous groups with similar smoking patterns. Beginning with an unconditional model (i.e., one-class model), we compared the model fit indictors for an increasing number of classes, and selected the model that provided the best fit to the data. The entropy, Akaike Information Criterion (AIC), Bayesian Information Criterion (BIC), sample size adjusted Bayesian Information Criterion (SSABIC), and Lo-Mendell-Rubin adjusted likelihood ratio test (LRT) were used as tools to guide the determination of how well the different number of classes separated the different smoking patterns. Mplus (version7.2) was utilized. Then, multinomial regression (conducted in SPSS) was used to explore the significant predictors of latent class membership. For all analyses, a significance level of p ≤ 0.05 was used.
Results
Sample Characteristics
We had distributed a total of 869 questionnaires, and a total number of 682 medical teachers completed the surveys, giving a valid response rate of 78.5%. There were 351 (51.5%) males and 331 (48.5%) females, with mean age of 37.0 ± 8.3 years. The majority of the participants were Han (91.1%), married (76.5%), had at least Master degree (70.4%), and were HCPs (55.9%).
Smoking Prevalence
Among 682 respondents, 48.7% (332) reported that they had ever smoked a cigarette, even just taken a puff (male 77.5%; female 18.1%; p < 0.01), while 26.0% (177) had smoked in the last 30 days (male 45.6%; female 2.4%; p < 0.01). Most smokers (58.0%) had their first cigarette after being 18 years old (attending college). The initial age of smoking was positively correlated with the age of smokers (r = 0.307, p = 0.000).
Almost half the current smokers (46.3%) smoked over 20 days during the past 30 days and one-third (30.5%) consumed at least half a pack of cigarettes per day. The majority of current smokers (59.0%) reported smoking in campus or hospital, while 68.9% stated that if someone offered a cigarette to them, and asked them to smoke together with them, they would be very pleased to accept it. The mean score of RRSQ of current smokers was 13.5 ± 12.4, with a range of 0 to 72, while 27.5% had a dependence score >6. The most common smoking motive factors were addiction (median 2, IQR 0-7) and sedative (median 2, IQR 1-4). The RRSQ scores were positively correlated with the smoking frequency (r = 0.513, p = 0.000) and average cigarette consumed per day (r = 0.307, p = 0.000) in the last 30 days.
In addition, 51.8% of current smokers reported the will to quit smoking, and 42.3% had made an attempt in the past 12 months but failed.
Latent Class Analysis
Three parameters were used to identify homogeneous groups with similar smoking patterns: (1) quantity of cigarettes consumed in lifetime; (2) frequency of consumption in the last 30 days; and (3) quantity of cigarettes consumed per day in the last 30 days (Table 1) . Fit indices for the latent class analysis are shown in Table 1 . The three-class model was the best fitting model for the data, as it had the lowest AIC, BIC, and SSABIC, as well as having an excellent entropy value (0.967).
Overall, the three-class model represented the continuum of levels of smoking consumption severity ( Table 2 ). The majority (74.1%) of participants were assigned to Class I, a group with non-smokers and those who had ever smoked but not in the last 30 days; 12.3% was assigned to Class II, a group who smoked with moderate number of cigarettes consumed and frequency of smoking in the last 30 days; and 13.6% were identified in Class III, a group with higher level of smoking consumption and frequency. On further analysis, we found Class III had a significantly higher dependence score compared to Class II (6.6 ± 5.6 vs. 2.0 ± 3.4; p = 0.000). There was no difference of smoking cessation ideation (45.2% vs. 58.3%; p = 0.054) and attempts (38.7% vs. 48.8%, p = 0.215) among Class II and Class III. 
Smoking Related Knowledge
Among the 577 respondents (84.6%) who completed the whole knowledge items, the mean score of smoking related knowledge is 22.1 ± 4.6, with a range of 0 to 30. Most respondents knew about the harmful effects of smoking and of second-hand smoking on the respiratory system and pregnancy. Notably, however, about half the respondents believed that "low-tar and low-nicotine cigarettes can reduce the harmful effects of smoking on health" (53.0%); one-third agreed that "filers can make smoking safe" (30.5%), and "it is too late to benefit from quitting smoking if you are more than 40 years old" (30.3%). Only 39.1% of respondents were informed that smoking cessation was difficult. Females had slightly higher knowledge scores than males (22.8 ± 4.0 vs. 21.5 ± 5.0; p = 0.008). There was also significant difference between three latent classes (p = 0.002). Especially, Class I was more likely to have high knowledge scores than the other two groups (p < 0.05). There was also no association between knowledge score and smoking quitting ideation among current smokers (p = 0.986).
Attitude towards Smoking
Among 621 respondents (91.1%) who completed the attitude toward smoking items, the mean score is 8.6 ± 3.0 (male, 8.4 ± 3.2; female, 8.9 ± 2.8, p = 0.006), with a range from 0 to 16. More than half of the respondents agreed that smokers could benefit from smoking by relieving pressure and anxiety, improving social communication, and feeling excited and happy (76.8%, 62.7%, and 55.0%, respectively); and a majority of respondents agreed that medical teachers should play a leading role on tobacco control (92.9%); medical teachers are obligated to refuse smoking (86.0%); and medical teachers have the responsibilities to exhort the public to quit smoking (82.5%). Participants in Class III had significantly lower attitude scores than those in Class I (7.9 ± 3.2 vs. 8.9 ± 3.0, p = 0.009). Specifically, people with higher smoking consumption behaviors tended to agree that smoking could help them concentrate and improve social communication; but were less likely to agree about the responsibilities of medical teachers to refuse smoking and exhort the public to quit smoking (p < 0.05). There was also no association between attitude score and smoking quitting ideation (p = 0.514). Table 3 presents the results of multinomial regression, with Class I treated as the reference group, and gender as covariate factor. Compared to Class I, Class III were more likely to be older (aged above 30 years). Both smoking related knowledge and attitude were not correlated with severity of smoking consumption.
Multinomial Regression Analysis
Discussion
This present study was conducted in one medical school, in which the smoking status is typical of that in China's medical schools, and could reflect the common situations of Chinese medical teachers. We found that the prevalence of current smoking among medical teachers was 26.0%, and specifically, almost half (45.6%) male were current smokers, which was about the same as in the Chinese general population [21] . It was also consistent with a national survey among college teachers, in which, the prevalence of current smoking was 27.9% (41.9% in male) [22] . Additionally, medical faculty with health care duties reported comparable smoking prevalence with those with only teaching duties. Compared with developed countries (e.g., <6% in U.S.) [4] and other developing countries that is, average 37% of physicians in Central/Eastern Europe, 29% in Africa, 25% in Central and South America, and 17.5% in Asia were smokers [5] , these results reveal the high prevalence of cigarette smoking among Chinese medical professionals.
Studies of smoking behavior have often considered teacher smokers to be one homogeneous group, for example, those reporting smoking at least 100 cigarettes in their lifetime (smokers) [12, 14, 22] , or those reporting smoking at least one in the past 30 days (current smokers) [13] . However, considerable heterogeneity exists among cigarette smokers [23] [24] [25] . This present study utilized latent class analysis to examine differentiation in smoking behaviors among medical teachers, in order to identify and characterize subgroups with similar patterns of smoking. Our analyses found three latent classes of smoking consumption severity among the present sample. Considerable heterogeneity was found existing among these three subgroups.
The demographic characteristics that separated these groups were gender and age. Specifically, compared to Class I (never smokers and people who did not smoke currently), people with heavier smoking patterns (Class III) were more likely to be older. Similar findings were also replicated by another study that age was positively correlated with smoking prevalence [12] . As aging, smokers may suffer more from the hazard of smoking [26, 27] , it is important to stop the growing tendency of smoking prevalence with the increase of age. In our study, although 58.3% of Class III wanted to quit smoking, the high dependence score of RRSQ among people with heavier smoking patterns indicated that they would experience more difficulty or discomfort in the absence of cigarettes [19] . In other words, it is more difficult for heavy smokers to quit smoking because of their physical response. Therefore, it is unsurprising that almost half of heavy smokers (48.8%) failed in quitting smoking in the past 12 months. It also indicated that differences of physical dependence on tobacco existed among sub-groups, and high dependence may require more professional help, like Nicotine Replacement Therapy (NRT). Besides, addition and sedative were the most common smoking motive factors for medical teachers in this study, which suggested that medical teachers were more likely to be psychologically addicted to smoking, as well as value smoking as a means to release pressure and anxiety [19, 20] . Thus, targeted intervention based on smoking consumption and smoking motive is needed.
Notably, with such high failure rate in tobacco cessation, there were also more than half of respondents (60.9%) who thought quitting smoking was not difficult, though most of them were well informed of smoking-related knowledge. It reveals that Chinese smokers, even medical professionals, may underestimate the addictive nature of tobacco [10] , and have unrealistic expectations of how easy quitting will be [28] . Besides, a substantial proportion of participants appeared to be misinformed or unsure regarding the effect of filter, low-tar and low-nicotine cigarettes on reducing the harmful impact of smoking, as well as the age limitation of benefiting from quitting smoking. The insufficiency of smokingrelated knowledge among Chinese medical professionals has been reported in many studies [8, 9] . As to the importance of scientific knowledge on curbing smoking among medical professionals themselves and to increasing their involvement in smoking cessation services [29] , these results emphasize the need for a tobacco cessation training program for medical faculties. Additionally, we found no association between knowledge score and smoking cessation ideation. Consistent with other studies [30, 31] , it implies that future studies should help to explain the reasons why people continue to smoke despite their knowledge of the risks of smoking.
Although it is claimed that Chinese medical professionals are less involved in tobacco control [32] , in this study, most medical teachers appeared to agree that they should set an example by not smoking, and take an active role in tobacco control. It seemed like a good sign because previous studies found that physicians with a more positive attitude toward smoking cessation were more likely to be involved in tobacco control and provide smoking cessation services [5] . However, the univariate analyses of smoking behaviors and attitude showed that, compared with never smokers and non-current smokers, people with higher smoking consumption behaviors were less likely to agree about the responsibilities of medical teachers to refuse smoking and exhort the public to quit smoking. Besides, with such high smoking prevalence, medical teachers did not show the expected healthy image to the public population and future medical professionals (their students). A supportive attitude toward anti-tobacco is in itself not enough for medical professionals to play the leading role sufficiently well in tobacco control and smoking cessation, not to mention to fight with social norms that encourage smoking.
Chinese social norms have been discussed a lot as contributing factors to tobacco use among the Chinese public including medical professional [21, 32] . There is a Chinese saying that "a cigarette builds a bridge, while wine builds a road." [33] . Cigarette sharing is a pervasive Chinese behavior, which serves as a means to show respect and solidify relationships between people in China [34] [35] [36] . Unsurprisingly, we found that the majority of respondents (62.7%) in this study stated that smoking could improve social communication, especially heavy smokers. Almost half of current smokers (43.4%) reported that if someone offered a cigarette to them, and asked them to smoke together with them, they would be very pleased to accept, as refusing an offered cigarette is viewed as impolite behavior in China [35] . To decouple cigarettes from their social significance requires firm actions at multiple levels including policy implementation, increasing tobacco taxation, mass media campaigns, and public education, where the Chinese government should play the key role. Although the Chinese government has made many efforts to fight tobacco use, it has not yet been enough to curb the burgeoning epidemic. Sustained efforts are still needed.
In the present study, almost two-thirds (63.8%) of current smokers admitted to smoking on campus or in hospital, where students and patients could observe their behavior, which may raise concerns about the efficacy and sincerity of efforts on establishing smoke free schools and hospitals, as in other researches [33] . Fortunately, according to the latest survey conducted by the Chinese Association on Tobacco Control about the smoking-free environment in campus [37] , great progress has been made to improve the level of the smoking-free environment of universities in Hunan province. Compared to 2011, the score of the smoking-free environment of universities in Hunan province was increased from 28.53 to 54.72 in 2013 (full score was 100), and the percentages of cigarette butts and smoking sets found indoors were significantly decreased. However, a sustained and comprehensive effort, such as building policies to ban smoking in public places on campus and hospitals, and enhancing monitoring, is still needed to improve and maintain smoke-free settings among universities and hospitals.
There were some limitations for our study. Although the smoking status in Xiaya medical school is typical, caution is needed in generalizing and applying the results to different samples. Differences in covariates associated with the three latent classes were cross-sectional, and thus, future longitudinal studies among this population are needed to give us insight into developments of the outcomes discussed above.
Conclusions
In conclusion, the smoking prevalence among medical teachers in Changsha City, China remains high. Even though medical teachers were generally well informed about smoking related knowledge, they still may underestimate the difficulty of quitting smoking. Besides, they held a positive opinion toward their leading role in tobacco control, but sociocultural factors can negatively affect their smoking behavior and motivation for smoking cessation. Programs on smoking cessation training are required, but this is in itself not enough. Future study should develop targeted interventions for subgroups of smokers based on smoking consumption. Despite knowledge, attitude and social factors, the physical dependence on tobacco cannot also be ignored. High dependence on tobacco might need clinical help rather than only education. Last but not least, persistent and effective anti-tobacco efforts are needed to achieve the goals of creating smoke-free campuses and hospitals.
